Implication of oxidative stress as a cause of autoimmune hemolytic anemia in NZB mice.
We have recently shown that deficiency of the superoxide dismutase 1 gene (SOD1) causes anemia and autoimmune responses against red blood cells (RBCs) and that transgenic expression of human SOD1 in erythroid cells rescues them. Because these phenotypes observed in SOD1-deficient mice are similar to autoimmune hemolytic anemia (AIHA), a causal connection between reactive oxygen species (ROS) and AIHA was examined using an AIHA-prone New Zealand Black (NZB) mouse. ROS levels in RBCs were high in young NZB mice, compared to control New Zealand White (NZW) mice, and increased during aging. Methemoglobin and lipid peroxidation products were elevated during aging, consistent with the elevated oxidative stress in RBCs of NZB mice. Severity of anemia and levels of intracellular ROS were positively correlated. Levels of antibodies against 4-hydroxynonenal and acrolein were also elevated in NZB mice. Transgenic expression of human SOD1 protein in RBCs of NZB mice suppressed ROS in RBCs and decreased the death rate. When RBCs from C57BL/6 mice were injected weekly into the same strain of mice, production of anti-RBC antibody was observed only in mice that had been injected with oxidized RBCs. Thus, oxidation-mediated autoantibody production may be a more general mechanism for AIHA and related autoimmune diseases.